ABSTRACT
INTRODUCTION
Early human embryonic development depends on nutritional supply from the yolk sac via the extraembryonic vitelline circulation (EEVC). The umbilical veins (UVs) then take the role of conveying blood from the placenta, through the allantoic duct (chorioallantoic placenta). In cases in which the UVs are not formed, the EEVC persists, protecting the developing embryo by preserving the choriovitelline circulation.
Although persistence of the vitelline veins (VV) has been described, and classified by Blackburn 1 as a type-IV umbilical system anomaly, literature concerning its clinical significance is scarce. Reports include only eight cases, all diagnosed in the postpartum period: four reported by pediatric surgeons 2 -4 , three by a pathologist after intrauterine fetal death 5 and one by radiologists 6 . We have described previously the in-utero diagnosis of fetal persistent VV, replacing the UV 7 . In that case report, we focused on the prenatal sonographic features which differentiate it from the more well-known UV varix. In the present study, we include another three cases and widen our perspective, considering the placental pathophysiological basis of this condition and the pre-and postnatal clinical picture.
METHODS
During the period 2010-2014 we examined four cases with choriovitelline placenta, including one case which we have reported previously 7 . Two-dimensional gray-scale ultrasound imaging and three-dimensional(3D) color Sonographic evaluation of the normal fetal umbilical-portal venous system required visualization of both sagittal and transverse abdominal planes. It included demonstration of the normal course of the UV-left portal vein-ductus venosus (DV) complex, from the umbilical annulus to the prediaphragmatic infundibulum (PDI) (sagittal plane), and the anatomy of the intrahepatic portal venous system (IHPVS) (transverse abdominal plane). The latter included demonstration of the splenic vein, the main portal vein, including its left and right branches with their sub-branches, the DV and the three main hepatic veins, with their common insertion into the PDI. More technical and pictorial details are available in the literature 8, 9 . Ultrasound images and 3D volumes were stored digitally, clinical data were obtained from patients' medical files and telephone interviews were conducted regarding the course of the pregnancy, perinatal data and developmental milestones. Postnatal follow-up included serial sonographic examinations targeted at the extrahepatic portal venous system and IHPVS.
RESULTS
Fetal and neonatal clinical characteristics of the four cases in this series are presented in Table 1 . All women were at low risk for fetal malformations, based on their obstetric history and first-trimester screening tests. The mean ± SD maternal age was 31.7 ± 2.7 years. The mean ± SD gestational age at diagnosis was 19.5 ± 4.3 (range, 13-23) weeks. No associated malformations were observed at sonography. The mean gestational age at delivery was 34.6 (±5.0) weeks and the mean birth weight was 2445.2 (± 948.3) g, corresponding to the 57.2 nd (± 16.8 SD; range, 43-76) centile according to Israeli normal growth standards 10 . Three (75%) of the cases were male. One case, the female, died in the antepartum period.
Sonographic characteristics
The pathognomonic sonographic feature of persistent EEVC was visualized in the sagittal view as a large venous vessel with a downward and retrograde course (with respect to that of the normal UV), originating from the umbilical annulus and draining into a portal sinus (PS) together with the mesenteric and splenic veins. In three of our four cases, a varicose, fusiform, dilatation of the extrahepatic segment was evident ( Figure 1 ).
The site of the intrahepatic insertion was best visualized in two transverse planes of the abdomen: (1) in the standard plane for measurement of the abdominal circumference, in which absence of the normal anastomosis between the UV and the left portal vein was the most important finding ( Figure 2 ); and (2) in a lower, slightly oblique, transverse abdominal plane, in which the direct insertion of the VV into the PS could be seen, alongside the splenic vein. No typical main portal vein could be identified in any case. In three (75%) cases, the left and right branches of the IHPVS originated directly from this dilated sinus, as a bifurcated or trifurcated variant ( Figure 3 ).
The drainage of the DV and hepatic veins to the PDI were normal in all cases. Figure 4 illustrates, both prenatally by 3D sonography and in a postnatal photograph, the two separate insertion sites of the umbilical arteries and the huge dilated VV on the placental bed.
Clinical characteristics
In all four cases, there were no maternal complications during pregnancy, fetal growth and biophysical profile were normal, and there were no pregnancy complications involving the placenta, premature contractions or amniotic fluid volume. We detected no anatomical abnormality, genetic syndromes or diseases during pregnancy or after birth. In the three cases which underwent amniocentesis, the karyotype was normal. One case (Case 3) ended in antepartum death at 28 weeks of gestation. No sonographic evidence of aneurysmal dilatation or thrombotic findings had been recorded at the time of diagnosis (20 weeks), and there was no other follow-up due to poor compliance. Postmortem examination and karyotype were declined for religious reasons. The neonate was phenotypically and physically normal. Case 4 7 was delivered preterm by elective Cesarean section at 34 weeks, due to suspected formation of thrombus in the varicose part of the intra-abdominal VV; this was not confirmed after birth. In the other two cases (Cases 1 and 2), the pregnancy was uneventful, with spontaneous vaginal delivery at 37 and 38 weeks of gestation. In both cases, thrombus formation was detected only after birth, at postnatal imaging. In Case 1 it was located in the right anterior portal vein, and in Case 2 it was in the varicose part of the VV. Anticoagulant treatment was needed only in Case 2, with resolution at the age of 4 months. In Case 1, there was spontaneous resolution on Day 7 postpartum, without the need for anticoagulant treatment.
Physical pediatric examination was normal in all three surviving neonates. Elevated liver enzyme and bilirubin The extrahepatic aneurysmal VV regressed gradually 3, 2 and 6 months after birth in Cases 1, 2 and 4, respectively. At follow up, at the age of 1 year and 7 months, 3 years and 6 months and 5 years and 5 months for Cases 1, 2 and 4, respectively, all had achieved normal developmental milestones and there were no clinical complications. 
DISCUSSION
We have described the in-utero and postnatal natural history of fetal choriovitelline placentation. This is caused by persistence of the EEVC, which protects the fetoplacental circulation in the presence of UV agenesis or atresia. In all our cases, the most prominent sonographic feature was an extrahepatic aneurysmal venous vessel with a downward and caudal course. This should be differentiated from the more well-known UV varix, in which the normal course of the UV and the IHPVS anatomy are preserved.
Brawand et al. 11 have shown that the phylogeny of the human chorioallantoic placenta involves a progressive loss of vitellogenin-encoding gene activation resulting in its involution. The oviparous non-mammalian vertebrates (e.g. fish, amphibians, reptiles and birds) have no placental function, and development of their embryos depends exclusively on nutrients stored in the yolk sac and transported by vitellogenin. In the human, the chorionic plate forms the placenta (chorioallantoic placenta), which is independent of yolk-sac function. During the first 2 months of embryological organogenesis, the EEVC and the exocelomic cavity are the main source of nutrition and low-level oxygen. Nutrients from the uterine glands (decidua capsularis and parietalis) and the smooth chorion are transported to the exocelomic cavity and from there to the EEVC, which is connected to the embryonic portal venous system. The chorioallantoic placental circulation (the villous chorion -the future placental plate) is limited in this period due to trophoblastic plugging of the spiral arteries, which prevents the potentially harmful effect of the high level of oxygen in the maternal blood. From week 10 onwards, the trophoblastic plugs dissolve progressively, establishing the fetomaternal circulation, while the yolk sac and EEVC degenerate 12 . Embryologically, the normal fetal venous portal system originates from a pair of VV, which drain the primitive yolk stalk and the splanchnic organs (bowel, spleen and stomach). The definitive portal system is the result of segmental degeneration of a triple-rung ladder-like formation ( Figure 5) . A parallel pair of UVs originate from the chorioallantoic plate and course through the body stalk towards the liver. After degeneration of its right component, the left UV remains connected to the intrahepatic left portal branch and, through the DV, conveys the highly oxygenated placental blood to the fetal heart. Most of the postnatal literature explains persistent extra-embryonic vitelline circulation as being a result of persistence of the right VV. It has been accompanied by demonstration of atretic residual UV on magnetic resonance imaging and pathology 6 . We assume that agenesis or atresia of the UV is compensated for by persistence of the EEVC, preserving the embryonic choriovitelline placentation. Abnormal connection of the persistent VV with the intraembryonic portal venous system results in increased incidence of aneurysms and thrombotic complications during pregnancy and postpartum. We assume that this may be attributed to the portal system's histological structure, which is not designed to carry the ever-growing placental blood flow, thus creating an aneurysmal dilatation at a point of low resistance.
The potential risk of all venous aneurysmal dilatations is formation of a thrombus, with the possibility of distant propagation into the IHPVS or even further, to the heart, with fatal consequences. Other complications related to portal-vein thrombosis include thrombocytopenia and portal hypertension. In the case of UV varix, these complications are self-limited to intrauterine life, but, in the case of portal-vein involvement, the threat continues into the postnatal period. Serial imaging and clinical observation, with anticoagulant treatment and even surgical intervention are required; hence, precise prenatal diagnosis is crucial for optimal counseling and management of affected pregnancies and the postnatal period.
Eight cases of persistent VV have been described previously in the literature. In all eight, the definitive diagnosis was made after birth 2 -6 , the presence of a thrombotic mass in the portal system being the main reason for the diagnostic workup. In four of them 3, 4 there was no prenatal diagnosis; three of these cases were diagnosed incidentally at postmortem examination. In the other four cases 2,3,6 an intra-abdominal vascular mass was interpreted and followed up as UV varix during pregnancy. All four cases in our series were diagnosed in utero, as persistent VV, and followed up prospectively. The postpartum workup was targeted to detect thrombus formation in the portal system, thrombocytopenia or abnormal coagulation and/or liver tests. In contrast to the experience and recommendations documented in the literature 2 -4,6 , none of our three survivors needed surgical thrombectomy. Conservative follow-up, with or without anticoagulant therapy, ended with resolution of the thrombus and normal outcome in all cases.
In conclusion, we present the first in-utero, prospective follow-up of a very rare, but clinically important, fetoplacental vascular anomaly which we believe should be recognized by every tertiary center.
